


Universal XA 
Development Board (1) 


For | 6-bit XA microcontrollers, with PC/| 04 interface 


Design by B. Bouchez 


The Philips XA series of microcontrollers has been available since 1996. 
These microcontrollers, which were originally presented as 1|6-bit 
versions of the famous 80C32, are more than just successor versions. 
They have much more to offer than their 8-bit cousins. 


In the beginning, the eXtended Architecture 
(XA) family of microcontrollers had only one 
member: the XA-G3 (introduced in 1996), 
with 32 KB of internal memory. In response to 
repeated requests, less expensive types with 
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smaller amounts of memory were 
introduced in 1997, consisting of the 
XA-G1 (8 KB) and the XA-G2 (16 KB). 
The ‘G’ in these type numbers refers 
to the general-purpose nature of 


these models (with the same pinout 
as the 80C32). 

In 1997, Philips also introduced 
the XA-S3 (the ‘superchip’), which 
features many on-board peripherals 
(see Table 1). At that time, there was 
also talk of an XA-SCC model featur- 
ing a non-multiplexed address/data 
bus, as well as an XA-D3 model with 
a DeviceNet interface (DeviceNet is 
an industrial bus based on 
CAN 2.0B). 

As far as we know, the XA-SCC 
model never made it to production. 
The XA-D3 was succeeded by the 
XA-C3, where the ‘C’ indicates the 
presence of a CAN 2.0B interface. 
This opened the market for other 
applications based on this bus (such 
as CANOpen). 

The first microcontrollers in this 
family were given ‘P51XAxxxx’ type 
numbers, while more recent models 
are called ‘PXAxxxx (without the 
DU), This change is more significant 
than might appear at first glance, 
since the XA core has been partially 
upgraded to boost its performance, 
while retaining machine-code com- 
patibility with previous versions. 

Quite recently, the XA family has 
also been extended with models 
having on-board Flash memory. 
These are the XA-4 models, which 
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Figure |. Memory structure of the XA development board. 


are based on the XA-xx49 model (the 
XA-3 models have UV EPROM or are 
ROMless, which means that they do 
not have any internal memory). 


Powerful instruction set 


The XA family was in principle pre- 
sented as a 16-bit successor to the 
80C32, but XA microcontrollers can- 
not execute the binary code of their 
8-bit cousins. Philips preferred to 
completely revise the instruction set 
and offer translation of 80C3x soft- 
ware to XA software at the source 
code level. This means that pro- 


grams written for 80C3x microcon- 
trollers must be recompiled before 
they can be used with XA microcon- 
trollers. This allows the XA core to 
run much faster than its 8-bit relative 
using the same source code (without 
optimisation). 

With regard to code optimisation, 
an important consideration is that 
the XA family has a register-based 
architecture. Instead of having only 
a single accumulator (as in the 
80C32x models), which leads to 
innumerable load and store opera- 
tions, the XA family has sixteen 16- 
bit registers labelled RO through R15, 


which are fully equivalent at the instruction- 
set level. The ALU can thus use all of these 
registers for its computations. If an existing 
8-bit application is rewritten to run on an XA 
microcontroller, it will run many times faster 
because it needs a lot fewer machine cycles. 

Besides this, the XA family can use each of 
these registers as a data pointer register 
(memory is partitioned into 64-KB pages). By 
contrast, the 80C3x family has only the one 16- 
bit DPTR register, which makes swapping 
data in RAM a real headache for programmers. 

We could say even more about the vari- 
ous capabilities of these microcontrollers, 
but that would far exceed the scope of this 
magazine. We recommend that you down- 
load the data sheet for the XA-G3 (or the XA- 
C3) from the Philips website, along with the 
XA User's Guide, which is the reference doc- 
ument for anyone who wants to know how 
the XA core works. 

Anyone fortunate enough to have access 
to the paper versions of the Philips hand- 
books should without question order Data 
Handbook IC25, which bears the title 16-bit 
80C51XA Microcontrollers. 

In order to understand the operation of the 
development card described here, it is impor- 
tant to understand its memory structure. This 
is illustrated in Figure 1. 


All data are formatted as 16-bit values, 
which means that only paired (even-valued) 
addresses are used. Executable code can be 
stored in RAM starting at address $8000, 
since this memory region is accessible for 
addressing both code and data. 


Table I; Comparison of XA microcontrollers and the 80C32. 


XA-C3 XA-S3 
16-bit 16-bit 
registers registers 


80C32 XA-G3 
Core: 8-bit 16-bit 
Architecture: interrupt registers 
16 bit data/program pointers | 16-bit pointer 16 16-bit registers 
2 8-bit registers (+page register) 
Bus: 8-bit data 8/16-bit data 
16-bit address 20-bit address 
Internal ROM (program code): 4-32 KB 32 KB 
External program memory: 64 KB max. | MB max. 
Internal data memory: 256 bytes 512 bytes 
External data memory: 64 KB max. | MB max 
Clock frequency: < 32 MHz < 30MHz 
Clock cycles per instruction 112-36 3-24 
On-board peripherals: | UART 2 UARTS 
3 timers 3 timers 
Watchdog: no yes 
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16 16-bit registers 
(+page register) 


16 16-bit registers 
(+page register) 


16-bit data 16-bit data 

20-bit address 24-bit address 

32 KB 32 KB 

| MB max. 16 MB max. 

| KB | KB 

| MB max 16 MB max 

< 30 MHz < 30 MHz 

3-24 3-24 

| UART 2 UARTs 

| SPI port | DC port 

| CAN 2.0B port 3 timers 

3 timers 8-channel ADC 
5 PCA I/O 

yes yes 
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Figure 2. The classic architecture of microcontroller, memory and peripherals can be immediately recognised in the schematic diagram. 
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Schematic diagram 


A glance at the schematic diagram 
in Figure 2 clearly shows that this 
development board can certainly be 
regarded as a ‘professional’ tool. 
Although the schematic diagram 
may appear complex, it is not partic- 
ularly difficult to understand. 

The heart of the development 
board is naturally an XA microcon- 
troller (IC1), which is configured to 
use 16-bit data and 20-bit addressing. 
This design is suitable for use with 
XA-G3 and XA-C3 microcontrollers, 
without any need for modifications. 

The microcontroller is clocked by a 
DIP oscillator (IC17) connected to the 
XTAL1 input. Any desired frequency 
can be used, as long as it is within 
the allowable range for the micro- 
controller. 

In order to make the data trans- 
mission rate of the serial port inde- 
pendent of the primary clock fre- 
quency, the monitor configures 
Timer 2 as the clock source for the 
serial port. This explains the pres- 
ence of a second oscillator (IC18). If 
you don’t use the monitor (for 
instance, if you use your own pro- 
gram), or if you simply don’t need a 
serial port, you can dispense with 
the second oscillator and release line 
P1.6 for other uses. 

With regard to the serial interface, 
a short description suffices. IC7 is a 
‘classic’ MAX232, which converts 
TTL levels into V24 levels and vice 
versa. This IC has been described 
countless times in Elektor Electro- 
nics, so we do not have to say any- 
thing more about it here. 

The address bus here is 20 bits 
wide, which corresponds to the 
default startup value of the XA 
microcontroller. If you examine the 
schematic closely, you will see that 
the AO address line is missing; it is 
replaced by the WRL line with the 
16-bit data configuration. The 
addresses are available at ports PO 
and P2, multiplexed with the data. 

There are two 74HCT573 address 
demultiplexers (IC2 en IC3), which 
are driven by the ALE line of the XA 
IC. IC3 and IC3 also buffer the 
address lines, which is necessary 
due to the large number of ICs load- 
ing the address bus (not to mention 
the PC/104 interface). The buffers 
also protect the microcontroller in 
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the event of a problem on the bus 
(such as a short circuit during an 
experiment). 

It should be noted that the A1 
and A3 lines are not multiplexed by 
the XA IC. This allows burst 
addressing, to be used, which 
reduces the number of required clock 
cycles. As with the other address 
lines, a buffer (IC6) protects the 
microcontroller. 

The data bus is buffered by IC4 
and IC5, for the same reasons as for 
the address bus. The control signals 
(RD, WRH and WRL) are buffered by 
the second half of IC6. 

Readers familiar with the 80C3x 
will have already seen that the 
pinout of the XA ICs shows many 
similarities to that of its 8-bit cousins 
(except for the 16-bit bus). However, 
it should be noted that there are cer- 
tain subtle differences, which are 
nevertheless quite important. 





Bus configuration 


The first difference relates to the bus 
widths, which can be configured 
dynamically. XA microcontrollers can 
work with a data bus width of 8 or 16 
bits and an address bus width of 12, 
16, 20 or 24 bits. Naturally, the hard- 
ware environment of the microcon- 
troller must match the selected con- 
figuration, since the allocation of the 
pins to the various bus lines depends 
on the configuration. Here the devel- 
opment card has been designed for a 
16-bit data bus, so the microcontroller 
must start up in this mode, but how 
does it know which mode to use? 

Port P3.5 (T1/BUSW) handles this 
task. After a reset, the XA IC tests 
the value on this port. If it is 0, the 
microcontroller switches to the 8-bit 
mode. Otherwise, with a value of 1 
on the input of P3.5, the XA IC is 
configured in 16-bit mode. For this 
reason, pin P3.5 is tied to +5 V via 
R1. Once the microcontroller is run- 
ning, the T1 pin can be used as a 
normal I/O port, but it is important 
that it has a logic 1 value during the 
reset phase. Note that the XA-C3 
also includes the BUSW function, but 
it only runs in the 16-bit mode! 


External memory usage 


The second difference relates to the 
EA/WAIT line. Just as for the 80C3x, 


the EA line indicates to the microcontroller 
that the executable code is entirely located in 
external memory (CEA stands for ‘external 
addressing’). The level on the EA/WAIT pin 
is read by the XA IC during the reset phase. 
If it is a logic 0, the microcontroller looks for 
the program code exclusively in external 
memory (in this case, EEPROMs IC8 and ICQ), 
even if the microcontroller is an XA-G37 or 
XA-C37 with internal ROM. Naturally, the 
level on this pin must be 0 for an XA-C30 or 
XA-G30, since these types do not have any 
internal program memory. 

If EA has a value of 1 during the reset 
phase, the XA IC will start executing the pro- 
gram stored in its internal ROM. The external 
memory will not be used unless the called 
address is outside the address range of the 
internal memory (refer to the description of 
the Bus Disable function in the Philips docu- 
mentation). 

The problem with the XA is that the EA 
and WAIT functions share the same pin. The 
latter function, which is not present in the 
80C3x, allows the XA processor to be ‘frozen’ 
during an access to a slow peripheral. The 
80C3x was never blazingly fast with regard 
to bus speed, so problems with slow periph- 
erals were practically unknown with such 
microcontrollers. 

In contrast to their 8-bit cousins, XA micro- 
controllers have an instruction pipeline, 
which allows instructions to be fetched in a 
single clock cycle (opcode fetch). At maxi- 
mum speed, the duration of one bus cycle for 
an XA microcontroller clocked at 30 MHz is 
barely 33 ns (or 66 ns if an ALE cycle is nec- 
essary). Very few peripheral devices can sup- 
port such short access times. In order to 
avoid any problems with slow peripherals, 
the speeds of external accesses can be con- 
figured using the BTRH and BTRL registers. 
(Note: with an XA-C3 device, these registers 
must be initialised to standard values. The 
MIFBTRH and MIFBTRL registers should be 
used instead, with a compression factor 
between 1 and 5.) 

It would be a shame to reduce the overall 
speed of a system just because one of its 
peripherals is too slow. This is where the 
WAIT function comes into play. When access- 
ing the external bus, the XA processor tests 
the value of the EA/WAIT pin. If it remains at 
0, the bus cycle is executed normally accord- 
ing to the speed configured in the BTRH and 
BTRL registers. On the other hand, if the 
WAIT pin has a value of 1, the bus cycle is 
frozen as long as the pin remains at this level. 
It can thus be prolonged indefinitely for the 
slowest peripheral, while still permitting full- 
speed access to fast peripherals. 

This approach is extremely effective, but it 
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has one drawback. Consider a system using 
an XA-C37 or XA-G37 (with internal EPROM). 
To cause the program stored in internal mem- 


ory to be executed, the level on the EA/WAIT 


pin must be 1 during the reset. As long as the 
XA processor only accesses internal memory, 
everything is fine, since the level on the 
WAIT pin does not affect internal accesses. 
However, as soon as the XA processor 
attempts to access external memory, it will 
test this pin, and since it has a level of 1, the 
cycle will be prolonged indefinitely (because 
the level on EA/WAIT is 1). The system will 
thus be stuck. 


Since the development board can also 
accommodate XA models with internal 
EPROM, an small circuit built around IC13 
(gates A, B & C) is necessary to hold the level 
on the EA/WAIT pin at 1 for several millisec- 
onds following a reset, which is the interval 
during which the XA processor tests the level 
on this pin. After this interval expires, the 
level on this pin returns to 0 in order to avoid 
interference with the WAIT function. Inci- 
dentally, we would like to point out that it is 
not essential to use the WAIT function in a 
system, since the same effect can be 
achieved in software using the WAITD bit. 

If the microcontroller is a ROMless type, or 
if it is desired to use external addressing with 
an XA-C37 or XA-G37, jumper JP3 must be 
fitted to hold the EA line at a 0 level during 
the reset. 
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The PC/104 bus 


We haven't completely lost the WAIT 
signal, since it is passed through the 
GAL chip (IC12). In our case, this 
function is tied to the IOCHRDY line 
of the PC/104 bus, which is specifi- 
cally intended to be used for control- 
ling slow peripherals. Here we 
would like to point out that it is 
essential that any PC/104 card 
installed in the system maintains the 
IOCHRDY line at a 1 level during the 
reset phase, since otherwise the 
operation of the EA/WAIT function 
will be impaired (any other behav- 
iour would be abnormal and not in 
conformance with the PC/104 speci- 
fications, but we have already seen 
such a situation in one of our sys- 
tems, so consider yourself fore- 
warned). If your have any doubt 
regarding the behaviour of a partic- 
ular PC/104 card in this regard, the 
IOCHRDY signal can be isolated 
using DIPswitch $1-8. 


Jumpers 


With regard to jumpers, we should 
say something about JP1, which is 
connected to P1.5. This does not 
relate to any special feature of the 
XA family, but instead serves as a 


simple expedi- 
ent to allow the 
capabilities of 
the development 
board to be 
extended. When- 
ever the monitor 
(written by us) 
starts up the 
XA-G3, it tests 
the level on this 
line. If it is high 
(due to the inter- 
nal pull-up resis- 


tor in the XA IC), 
the monitor 
takes control 


and enters the 
dialogue mode 
in order to 
process external 
commands. 

If JP1 
(START USER 
PROG) is fitted 
(P1.5 tied to 
ground), the 
monitor disables 
itself and jumps immediately to the 
user reset vector, which we have 
placed at address $8000 (which 
means in RAM), in order to start exe- 
cuting the user program in the 
autonomous mode. We would like to 
emphasize that if the development 
board is fitted with EPROMs that do 
not include our monitor, but instead 
contain a dedicated application, 
jumper JP1 serves no function, and 
port P1.5 can be used in the normal 
manner. 

JP2 is not a jumper, although the 
schematic shows it as a jumper. 
Instead, it provides a connection 
point for an external reset signal 
(EXT RESET). The LT691 (IC14) does 
not provide this capability. Inciden- 
tally, the LT691 data sheet recom- 
mends putting a 100-Q resistor in 
series with the reset switch — not to 
limit the short-circuit current, but to 
prevent oscillations. Although this 
resistor is not shown in the 
schematic diagram, we strongly rec- 
ommend that you use it if you decide 
to fit an external reset switch. 

Note that an external reset switch 
connected to JP2 will only affect the 
XA microcontroller, but not any 
PC/104 card connected to the sys- 
tem. In order to effect a complete 
reintialisation (XA and PC/104), it is 
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Table 2: 


Principal features of the XA Development Board. 


— Compatible with XA-G3x and XA-C3x microcontrollers 
— Compatible with EPROM versions (XA-G37 / XA-C37) and ROMless versions 


(XA-G30) 
— 16-bit data bus 
— Monitor in EPROM 


— 32 Kword 16-bit program/data memory region in EPROM 


— 32 Kword 16-bit data region 


— 32 Kword 16-bit data/program region for debugging 
— PC/104 interface for I/O access, allowing standard PC/104 cards to be con- 
nected (for digital and analogue I/O, network interfaces, etc.) 


— Code can be executed from RAM 


— Page-0 addressing (16-bit) for maximum XA core speed 
— Can be used as a development board or an expansion card 


— Battery-backed RAM 


necessary to switch the power off 
and back on. This is a peculiarity of 
the LT691 that we have to live with. 


Using the PC/104 bus 


Now we come to the PC/104 inter- 
face. Since XA microcontrollers are 
not x86 microprocessors, it is not pos- 
sible to implement the full function- 
ality of the PC/104 specification. Here 
we only have access in the I/O mode, 
in this case to the first 2048 bytes. PC 
experts will doubtless point out that 
only the first 1024 bytes are used in 
PCs, but there are PC/104 cards 
available with a larger address 
range, which explains our choice. 

Since the XA microcontroller does 
not have a specific I/O addressing 
mode, it accesses the expansion bus 
via a memory window located 
between addresses $F800 and 
$FFFF in the data region of the 
processor’s address space. Access to 
the PC/104 bus is controlled by the 
PC104WRT and PC104RD signals, 
which are generated by the GAL 
chip (IC12). Note that only the least 
significant byte is transferred to the 
PC/104 bus! 

The development board does not 
support DMA access (due to the 
absence of suitable capabilities in 
the XA microcontroller), but it can 
handle interrupts IRO2 (sometimes 
called IROY) through IRQ2 from the 
PC/104 bus. Although the XA chip 
has two inputs for external inter- 
rupts (INTO and INT1), only one of 
these is assigned to the PC/104 bus. 
Switch S1 is used to select a partic- 
ular interrupt line. 
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This approach means that only 
one PC/104 card can be installed with 
interrupt support (the number of 
cards that can be installed without 
interrupt support is limited only by 
the capacity of the bus drivers). The 
polarity of the interrupt signals on the 
PC/104 bus is the opposite of what is 
conventional for XA microcontrollers, 
so gate IC13F sets things right. 

It is not possible to access the 
PC/104 bus in memory mode. This is 
not particularly important, since most 
PC/104 expansion cards use only I/O 
mode. Nevertheless, you should ver- 
ify this before fitting a PC/104 card to 
the development card, in order to 
avoid potential problems. 

Our final comment with regard to 
the PC/104 bus is that the develop- 
ment card only provides +5-V power 
on the connector. Some PC/104 cards 
also require +12 V, -5 V and -12 V. 
Since these voltages are not present 
on the development card, connectors 
K4 and K5 are provided for connec- 
tion to an external power supply if 
necessary. 


Reset circuit 


Let’s go back to the LT691 (IC14), 
whose main function is generating 
the power-on reset pulse for the 
card. For this purpose, it has an 
internal comparator that indicates 
whether the supply voltage has 
dropped below 4.75 V. If this hap- 
pens, the Reset and Reset signals 
are automatically generated and 
maintained until the voltage again 
rises above 4.75 V. In practice, the 
reset pulse is maintained for 35 ms 


after the voltage stabilises. 

IC 14 also contains a highly useful power 
supply switchover circuit, which can be used 
to maintain the RAM supply voltage using 
the 3.6-V lithium battery BAT1. This circuit is 
automatically activated whenever an out-of- 
range supply voltage is detected. 

IC 14 also inhibits the control signals for 
the RAM during the reset phase, in order to 
prevent corruption of the content of the RAM. 
This allows program code or data to be saved 
in the RAM, even in the absence of external 
power. Since the monitor checks the P1.5 line 
on startup, the system can be made fully 
autonomous without any need for specific 
code for this purpose in EPROMs IC8 and IC9. 
This is very useful during program develop- 
ment. Naturally, if the card is used for a spe- 
cific application (with an application program 
in EEPROM), data for this application can 
also be saved in the RAM. 

The LT691 family also includes other func- 
tions, such as an integrated watchdog and 
power-fail inputs and outputs, but they are 
not used here. Finally, we would like to point 
out that this IC is available from several dif- 
ferent manufacturers under various type num- 
bers, such as ADM691, LT691, MAX691, etc. 


CAN bus and power supply 


IC15 is a TTL/CAN converter, which is only 
necessary if the board is fitted with an XA-C3 
microcontroller (the XA-G3 does not have a 
CAN interface). 

Finally, we come to the power supply, 
which is certainly not the least important 
part of the schematic. Since the board only 
needs a single stabilised 5-V supply, little 
more is needed than a simple 7805 voltage 
regulator. Diode D1 is included to provide 
reverse-polarity protection, so it should not 
be mistakenly be assumed that the circuit 
can be powered from an AC source. A mains 
adapter supplying at least 9 V DC should be 
connected to K2. 

We would also like to emphasize that 
numerous decoupling capacitors are fitted to 
the board (one per IC), and that these capac- 
itors are essential. Although the schematic 
shows a value of 47 nF for these capacitors, 
a value of 100 nF can be used without hesi- 
tation, and this value may be more readily 
available. 

This concludes the description of the cir- 
cuit. The construction and use of the devel- 
opment board will be described next month 
in Part 2 of this article. To whet your 
appetite, Table 2 provides a condensed sum- 
mary of the principal features of the XA 
development board. 
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